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Source: https://www.unavco.org/science/snapshots/cryosphere/2012/bevis.html



What does JPL do?

Solar system 

exploration
Mars Earth science

Source: jpl.nasa.gov



Outline
Å GPS Basics

ÅWhat are GPS reflections?

Å Reflections at geodetic antennas

Å Reflections recorded on satellites

Source: https://www.unavco.org/science/snapshots/cryosphere/2012/bevis.html



GPS basics
ÅUp to 32 satellites

ÅMEO 20,200 km

ÅTwice a day orbit

ÅTransmitted power is 50 watts or 

less

ÅL-band microwave signals

Source: gps.gov



GPS basics
ÅUp to 32 satellites

ÅMEO 20,200 km

ÅTwice a day orbit

ÅTransmitted power is 50 watts or 

less

ÅL-band microwave signals

Global Navigation Satellite System (GNSS)

ÅUnited States: GPS

ÅRussia: GLONASS

ÅEuropean Union: Galileo

ÅChina: BeiDou

Å India: IRNSS

ÅJapan: QZSS

Source: gps.gov



GPS basics

Your phone needs signals from 

at least four satellites at all 

times to tell you where you are.



GPS is just a fancy clock.

ñHey! Itôs 2:03.01 pmò

ñNo, itôs 2:03.01007 pm!ò

Distance = t x c









Trilateration



Trilateration

Error sources include: Clock errors, tropospheric effects, ionospheric 

effects, satellite orbits, multipath, receiver noise



Existing geodetic GPS 

antennas

Courtesy of Kristine Larson



What ónormalô people use GPS for:

Measuring plate tectonics

Source: http://all-geo.org/highlyallochthonous/2010/04/tectonics-of-the-qinghai-earthquake/



What ónormalô people use GPS for:

Measuring plate tectonics
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Source: http://all-geo.org/highlyallochthonous/2010/04/tectonics-of-the-qinghai-earthquake/



Trilateration

Error sources include: Tropospheric effects, ionospheric effects, satellite 

orbits, clock errors, multipath, receiver noise



GPS reflections

Multipath, or reflected, signal

Direct signal



GPS reflections

Multipath, or reflected, signal

Direct signal

Constructive Destructive
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Direct signalMultipath, or reflected, signal
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Direct signalMultipath, or reflected, signal
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Signal-to-noise ratio (SNR) data





Snow depth sensing

Courtesy of Kristine Larson



Measuring ocean tides

Courtesy of Kristine Larson



Daily change in water height due to tides: 10 m!



Comparison between GPS and óRealô Tide Gauge

Larson, Ray, Nievinski, and Freymueller, The Accidental Tide Gauge, IEEE GRSL, 2013



http://www.ioc-sealevelmonitoring.org/map.php

Greenland needs more tide gauges

http://www.ioc-sealevelmonitoring.org/map.php


óRealô tide gauges are difficult to 

operate in the cryosphere

Courtesy of Kristine Larson



GPS tide gauges are more simple

Courtesy of Kristine Larson



Source: 

https://www.unavco.org/science/sna

pshots/cryosphere/2012/bevis.html
http://www.polar.dtu.dk/english/Resea

rch/Facilities/GNET


